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properties of oils, and to enhance the oxidation and thermal stability of the hydrogenated products. The process is widely used in the production of margarines, cooking, frying and salad oils, chocolates, ice creams, shortenings and baking products [7] [8] [9] .
Currently, metallic nickel (22-25 wt.% Ni) on different supports (silica, kieselguhr and alumina) represents the commonly applied commercial catalyst for the process of oil hydrogenation, due to its high activity, availability and low cost [10] [11] [12] .
Supported nickel catalysts are usually prepared using different techniques like impregnation, ion exchange and precipitation-deposition with different precipitation agents [10, 11] . The precipitation of nickel salt with sodium carbonate [13] in the presence of a silica slurry leads to the formation of nickel species like nickel basic carbonate and different nickel phyllosilicates. Obtained material can vary considerably with the changes in the precipitation conditions, synthesis temperature, textural characteristics of silica support, promotor species and nickel to silica ratio [14] .
After precursor synthesis, in order to gain an active nickel catalyst, the nickel precursor must be reduced to metallic nickel [15] . The supported metal catalyst for oil hydrogenation is defined by the presence of highly dispersed metallic particles [16, 17] on the support that are located in positions easily accessible to the molecules of triglycerides [18] [19] [20] [21] . It is known that the nature and the organization of the supported phase influences the behavior of the precursors during the reduction pretreatment and contributes to the determination of size and dispersion of the metallic particles [10, [22] [23] [24] [25] .
The aim of this work is to determine the use of broken honeycomb-like expanded perlite as support for active nickel-based catalysts modified with magnesium for hydrogenation of sunflower oil. Besides, the determination of influence with different nickel and magnesium content on morphology, structure, texture, and reducibility of catalyst precursors and their contribution on catalyst activity will be examined.
EXPERIMENTAL Precursor preparation
Expanded perlite was supplied with the courtesy of Termika, Zrenjanin, Serbia (commercially denoted Perfit PF-295). Actually, PF-295 represents the finest fraction of expanded perlite that currently has no industrial use. The only laboratory pretreatment of PF--295 includes washing with distilled water at 90 °C for 30 min. Following, vacuum filtration with hot distilled water (≈80 °C) and drying in an oven at 110 °C for 24 h, the support was obtained (denoted PF). After microwave acid digestion of the support and ICP-OES measurements, chemical composition of the support was determined: SiO 2 = 74.1%; Al 2 O 3 = 13.8%; Fe 2 O 3 = 0.8%; K 2 O = 4.6%; Na 2 O = 3.6%; CaO = 0.7%; MgO = 0.1%, loss on ignition = 2.3%. All others chemicals used in precursor synthesis described in this paper are "proanalysis" purity grade.
The synthesis of precursors was performed in an externally heated PTFE reaction vessel equipped with a magnetic stirrer. The required volumes of the initial solutions of Mg and Ni nitrate salts, a concentration of 0.0583 and 0.5834 mol/dm 3 , respectively, were transferred to the reaction vessel to obtain the corresponding mole ratio Mg and Ni (from 0.025 to 0.4). Solid anhydrous Na 2 CO 3 was added at once, immediately after, and the resulting suspension was vigorously stirred and heated up to 90 °C. In all synthesis procedures, the amount of added Na 2 CO 3 was 1.5 mole ratio towards Ni + Mg cations. After 30 min of precipitate aging, aqueous 2.0 wt.% suspension of PF, heated up to 90 °C, was added into the reaction vessel. The added mass of the prepared PF suspension enabled the obtaining of the predefined mole ratio of Ni:SiO 2 (from 0.25 to 1.75) in precursors. The obtained suspension was aged again for 30 min at the same temperature and stirring rate, after which it was vacuum filtered and thoroughly washed with hot (≈ 80 °C) distilled water until neutral pH. Filtrate was then resuspended in hot distilled water, washed and filtered again. Finally, precursors were dried in an air oven at 110 °C for 24 h, grounded to a powder, dried again and stored.
Two groups of precursors were synthesized. The first group is made out of five synthesized samples with constant magnesium to nickel mole ratio of 0.1 and different nickel to silica mole ratios of 0.25, 0.50, 0.75, 1.00 and 1.75. This group of precursors is labeled Mg-xNi/PF where x represents Ni to SiO 2 mole ratio, and constant Mg to Ni ratio 0.1 is omitted. The second group was made out of six samples with constant nickel to silica ratio of 0.25 and different magnesium to nickel ratios denoted as 0.4, 0.2, 0.1, 0.05, 0.025 and 0. This group of precursors is labeled yMg-Ni/PF where y represents Mg to Ni mole ratio and constant ratio Ni to SiO 2 0.25 is omitted. Also, the same synthesis procedure was done without the support to obtain nickel-magnesium basic carbonate denoted as Mg-NiBC and nickel basic carbonate without magnesium (NiBC).
Precursor characterization
The scanning electron microscopy observations were carried out on a JEOL JSM-6610LV microscope with a 20 kV beam.
A diffuse reflectance UV-Vis spectrum was obtained on a UV-Vis spectrophotometer (Evolution 500, Thermo Scientific), in spectral range of 250-800 nm. The results were presented in accordance with the Kubelka-Munk theory [26] .
The infrared (IR) spectra of the samples, in the spectral range of 4000-400 cm -1 , with a resolution of a 2 cm -1 , were recorded using the KBr pellets technique: 1 mg of each sample is mixed with 200 mg of KBr (Nicolet 6700 FTIR, Thermo Scientific).
Textural parameters of support and precursors were obtained by N 2 -physisorption at 77 K (Sorptomatic 1990, Thermo Finnigen) measurements. The obtained results were analyzed with a dedicated software package used for N 2 physisorption, ADP ver. 5.1 (Thermo Electron). Measurement accuracy of determining S BET is approximately 2.8% [27] .
Density measurements of support and precursors were performed by a helium gas pycnometer (Pycnomatic ATC, Thermo Scientific).
The temperature programmed reduction (TPR) of the precursors was performed (TPDRO 1100, Thermo Scientific). The TPR experiments were conducted using 4.9% H 2 /Ar gas mixture with a flow rate of 20 cm 3 min -1 . The temperature was linearly raised from 50 to 900 °C at a heating rate of 10 °C min -1 ; also, some measurements were performed at temperatures from 50 to 430 °C at a heating rate of 2 °C min -1 . The selected conditions were in the agreement with the criteria proposed by Monti and Baiker [28] . A cooling trap filled with CaO+NaO (Thermo Scientific) was installed between the oven and TCD to remove water and CO 2 , formed during the reduction.
The hydrogen chemisorption measurements were carried out using pulse chemisorption on TPDRO 1100 instrument (Thermo Scientific) after reduction on chosen temperatures (270; 300; 330; 360; 460 °C) during 3 h, using 4.9% H 2 /Ar gas with a flow rate of 20 cm 3 min -1 and heating rate of 2 °C min -1 . After reduction, the sorbed hydrogen was removed at the reduction temperature in flow of Ar for 1 h, cooling it in the same atmosphere, and after cooling the chemisorption was measured at 40 °C. The pulse chemisorption was performed with pure hydrogen after which the degree of dispersion was calculated [10, 11, 17] .
Catalyst preparation and catalytic tests
The reduction of precursors was performed in a laboratory set-up using a quartz tube reactor by a procedure previously described [15] . In order to estimate the influence of reduction temperature on catalyst activity, selected precursor (Mg-0.25Ni/PF) was reduced at five different temperatures: 270, 300, 330, 360 and 390 °C. After reduction, reduced precursors were transferred to the beaker containing paraffin oil. During this process, the flow of argon in paraffin oil was continuously maintained. The impregnation procedure with Ar-purged paraffin oil was conducted in order to prevent oxidation of Ni 0 to Ni 2+ , due to extreme pyrophoricity of metallic nickel in the presence of oxygen. After vacuum filtration of paraffin oil excess, the resulting catalysts were collected and stored in an Ar atmosphere.
The hydrogenation process was performed in a jacketed Parr Series 5100 (USA) glass reactor equipped with a computer-controlled mass flow controller F-201C and pressure meter F-502C (Bronkhorst). Hydrogen consumption during catalytic tests was obtained by integration of total consumed hydrogen during the process. As a starting material, commercially available edible sunflower oil was used (C16:0 = 6.9; C18:0 = 4.0; C18:1 = 26.0; C18:2 = 62.7) with iodine value of 131.7. After air evacuation with nitrogen gas, the reactor was connected to a hydrogen source and, during the process, H 2 pressure was maintained at a constant value of 0.2 MPa. Experimental conditions were: oil mass -900 g; catalyst concentration -Ni related to the amount of oil as follows for different catalysts prepared; stirring rate -1200 rpm; temperature -160 °C.
Initial catalytic tests were performed for catalysts Mg-0.25Ni/PF prepared on different reduction temperatures (270-390 °C). After that, catalytic tests were made, using catalysts obtained from precursors of all mole ratios, Ni/SiO 2 and Mg/Ni at the selected reduction temperature (345 °C).
Catalytic tests, whose goal was to analyze the influence of reduction temperature of precursors on its activity, were performed at nickel to oil mass ratio of 0.03%, while catalytic tests where the analysis of nickel and magnesium influence was performed, nickel to oil mass ratio was 0.015%.
The refractive index values of crude oil (1.46371) and collected samples during the hydrogenation process were measured at exactly 50.00 °C (RX-5000α, Atago) and were used to monitor the hydrogenation process [29] . The fatty acid content of the starting oil, as well as the partially hydrogenated fatty acids, was determined by gas chromatograph Trace GC Ultra, equipped with FID and TriPlus autosampler (Thermo Scientific), previously described in detail [29] .
RESULTS AND DISCUSSION

Characterization of precursors
In our previous work [30] , regarding the possibility of using broken honeycomb-like expanded perlite as nickel catalyst support, it was shown that the material could be used as a catalyst support in the process of hydrogenation of sunflower oil. After precursor synthesis, color changes can be observed. Pale gray support, depending on nickel concentration, gains a pale green shade for precursors.
According to the chemical composition of precursors presented in Table 1 , targeted Ni/SiO 2 and Mg/Ni mole ratios were achieved, for all precursors. Data accuracy of the obtained results in Table 1 is presented to the last significant figure. This confirms that all nickel and magnesium have been precipitated quantitatively, regardless of the composition and procedure of preparation. Packter and Uppaladinni also stated it for Ni, Mg precipitation with slightly different conditions without support [31] . Change in density of precursors is a direct consequence of the increase in nickel basic carbonate phase. As such, the density of precursors with a constant mole ratio of Ni and different Mg content (yMg-Ni/PF serie) is not measurable, as the Mg content is almost negligible in comparison to Ni content.
SEM micrographs of the support PF, selected precursors series (Mg-xNi/PF and yMg-Ni/PF) and
Mg-NiBC are shown in Figure 1 . On the perlite micrograph, sharp edged plates can be observed. Originally, expanded perlite grain has a honeycomb-like structure [32] , although fine particle expanded perlite similar to Figure 1 is also reported [33, 34] as a result of the brittle crushing of cell walls. Obviously, the plate form shape originates from the honeycomb structure due to the latter being broken during the thermal expansion of perlite. Broken honeycomb-like structure is not a disadvantage due to the fact that the open structure enables deposition of any species during precursor synthesis. That is demonstrated in Figure 1 , where it can be clearly seen that the synthesis procedure leads to the formation of precursors with partially visible deposited nickel-magnesium species on the perlite support. Higher coverage of perlite support with nickel-magnesium agglomerates can be observed with nickel and/or magnesium content increase in precursors. On all precursor micrographs, similar sub-micron deposited species on perlite support form porous agglomerates of over-micron dimensions and are observable. The only considerable difference concerns the micrography of the 0.4Mg-Ni/PF sample with some lamellar shapes that may be a result of Mg contribution, which is higher for this precursor.
Diffuse reflectance UV-Vis spectroscopy has been used to further determine the precursor structure properties. Its spectrum contains two bands with maxima at 682 and 399 nm ( Figure 2 ). These bands are typical of Ni 2+ ions in octahedral geometry assigned to the transitions 3 A 2g → 3 T 1g (F) and 3 A 2g → 3 T 1g (P) [35] .
Regardless of possible causes of band ratio change in the spectra, the origin of the two most intensive bands in the precursors is known. These bands originate from spin-orbital transitions:
3 A 2g (F) → 3 T 1g (P) for lower wavelength and 3 A 2g (F) → 3 T 1g (F) for higher wavelength, which are associated to the octahedral structural coordination of Ni 2+ [36] [37] [38] [39] . Commonly, besides the absorption bands that origin- ate from allowed transitions, spectra can show the absorption bands of weak intensity that can be attributed to the spin-forbidden transitions (triplet to singlet):
3 A 2g (F) → 1 E g (F) [38] . Complex band structure on the position of higher wavelength, which actually consists of two overlapping bands of similar intensity at approximately 682 and 747 nm is proof of their existence.
It is inevitable that the influence of ligands is noticeable in bathochromic and hypsochromic shifts of bands maxima [36, 38] . Due to that, in precursor spectra, nickel is in an octahedral structure with ligands that are causing the hypsochromic shift of lower wavelength maxima in DR UV-Vis spectra (399→391 nm), clearly seen in the spectra of lower nickel concentrations (with the Ni/SiO 2 mole ratio below 1.00) in comparison with the spectra of MgNiBC. This shift can originate by substituting one or more water molecules or CO 3 2-and OH -anions with a silanol group, therefore bonding with the silica structure [37] . The influence of the ligand structure is less pronounced at higher wavelength transitions and is then not noticeable as a shift in the spectrum. Infrared spectra of PF, Mg-NiBC and all synthesized precursors are presented in Figure 3a and b. Prepared PF in the spectral region of 500 to 1500 cm -1 shows a wide band at about 1049 and 1150 cm -1 . These two bands can be recognized in all aluminosilicate IR spectra and are attributed to Si-O-R stretching vibrations, where R can be Al or Si. The band at 791 cm -1 is attributed to symmetric stretching of ≡Si-O-Si≡ that has a shoulder at 723 cm -1 which can be attributed to symmetric stretching of Si-O-Al [40] . The weak wide band at around 570 cm -1 also originates from symmetric stretching of Si-O-Al [40] . The band around 455 cm -1 can be associated to the bending vibration of Si-O-Si or O-Si-O.
Basic nickel carbonate (Mg-NiBC) has typical bands assigned to the carbonate anions around 1452, 1384 and 827 cm -1 [22] . The well-expressed bands at 1452 and 1384 cm -1 in the IR spectrum of all precursors are attributed to the presence of an additional carbonate-containing phase, located on the support surface seen in SEM micrographs. In all spectra of precursors, the broad asymmetric band below 3700 cm -1 with a minimum at around 3440 cm -1 , is attributed to the stretching vibrations of hydrogen bonds of -OH. In addition, the existence of the band at 1630 cm -1 confirms the presence of physisorbed water on the precursor's surface [22, 39] .
The most obvious differences in the IR spectra of precursors are the decreases in band intensity of Si-O-R stretching vibrations region as nickel-magnesium species increase. At the same time, the bands that originate from carbonate increase. However, comparing bands in the lower wavenumber region obtained in synthesized precursors may offer evidence of created Ni 2+ species on the support surfaces. On Mg-NiBC spectra, existence of a broad asymmetric band at 685 cm -1 is evident. This band also exists in spectra of precursors, although slightly shifted towards lower wavenumbers with a minimum at around 656 cm -1 . Although this band is broad and weak in intensity, the shift may indicate Ni species interaction with the support, compared to the unsupported Mg-NiBC sample, most likely to Ni-O-Si vibrations [41] . This type of support interaction will have to have an influence on precursor reducible properties, which will be analyzed afterwards.
Observing the IR spectra of precursors with different magnesium content and constant Ni to SiO 2 mole ratio does not show any significant influence on intensity and position of bands (Figure 3b) . Although the band at 1380 cm -1 originates from nickel basic carbonate-like species, it seems to be less expressed in precursors with higher amounts of Mg, typically for 0.2Mg-Ni/PF and 0.4Mg-Ni/PF.
Adsorption-desorption isotherms of samples are shown in Figure 4a and b and the results of calculated textural parameters are given in Table 2 . According to the IUPAC classification of N 2 physisorption isotherms of the perlite support is Type III, characteristic for weak adsorbate-adsorbent interactions and is associated with nonporous adsorbents [42] . Small values of total pore volume (V tot ), specific surface area (S BET ) and BET constant (C BET ) confirm a nonporous nature of the support. Isotherm of nickel basic carbonate (Mg-NiBC) is type Ib (characteristic for microporous materials) with certain elements of type IV (typical for mesoporous materials). Indeed, a sharp vertical increase of adsorbed volume in the smallest relative pressure region confirms a system of micropores (pore width ≤ 2 nm), while the long transition region has a constant increase of adsorbed volume ending in the mesoporous region (p/p 0 ≈ 0.6) thus confirming the existence of mesopores not larger than 6 nm. The precursor isotherm type has significantly changed, compared to the support, and all of the precursors can be classified as type IIb with the H3 hysteresis, characteristic for aggregates of plate-like particles with non-rigid slit-shapes [42] . This is a contribution of the formation of Ni 2+ species, assured through the constant increase in total pore volume Figure 5a (different amount of nickel and constant Mg/Ni ratio) and b (different amount of magnesium and constant Ni/SiO 2 ratio). Also, TPR profile of Mg-NiBC is presented in order to elucidate the effect of nickel and magnesium loading in the precursor on their reduction properties.
Although the TPR profiles were measured in the region 50-900 °C, profiles are shown only in the temperature region where the visual changes in profiles occur (200-700 °C).
The reducibility of the unsupported Mg-NiBC is attested by the single symmetric peak in the region 250-400 with T max at 310 °C that is assumed to represent the full reduction of bulk Ni 2+ ions to Ni [22] . Precursor for the series with a different amount of nickel, TPR profiles show almost the same tendency in the slightly shifted region, starting reduction process at 270 °C and, because of their asymmetry (T max = 314 °C), ending at above 400 °C. It is well known that there is a connection between reduction conditions and catalyst activity [45, 46] . Therefore, the chemisorption measurements were carried out after precursors were reduced at the same heating rate used for catalyst preparation (2 °C/min). Changing the heating rate from 10 to 2 °C/min causes a maximum position shift towards lower values for ≈25 °C (Figure 5a) .
In order to establish the influence of maximum reduction temperature on nickel dispersion degree, a temperature range from 270 to 460 °C was chosen (Table 3) . It is worth mentioning that the complete reduction of Ni 2+ species does not necessarily mean that the catalyst will be active, due to the possibility of nickel crystalline growth through aggregation, which therefore decreases the number of active Ni sites on the support, resulting in the overall decrease of catalyst activity. Obtained dispersion degrees can be analyzed as influences of the reduction temperature, nickel and magnesium content. By observing the temperature influence, starting from 270 °C, the decrease in metal dispersion is clearly seen as the reduction temperature increases for samples with higher nickel content (Mg-0.75Ni/PF, Mg-1.00Ni/PF and Mg-1.75Ni/PF). Samples with nickel content smaller than 26.75% (Mg-0.25Ni/PF, Mg-0.50Ni/PF) do have a small, but not insignificant, increase in metal dispersion at 300 °C, followed by the same decrease in dispersion degree as the reduction temperature continues to increase. This occurrence can be associated with the existence of different nickel species: one that is generated through the interaction of basic nickel carbonate with the support surface and other noninteracting basic nickel carbonate, positioned and placed above the first one. As the nickel content in the precursor increases, the interaction with the support is less pronounced because of the increasing amount of noninteracting nickel basic carbonate species. The mechanism of the reduction process goes from the surface nickel species down to the inner nickel species so the dispersion of nickel, therefore, depends on all species present in precursors and also their ratio, as well as their position. This is the reason why, in the precursors with low Ni contents (Mg-0.25Ni/PF, Mg-0.50Ni/PF), dispersion increases as reduction temperature increases to 300 °C; the contribution of the bound species (that are more difficult to reduce at 270 °C) is somewhat higher and with the increase of the reduction temperature are noticeable and contribute to the overall dispersion. For other precursors with higher nickel content, reduction of species on the surface of the support is difficult due to their overlapping with the noninteracting nickel basic carbonate support. By increasing the temperature, the content of reduced nickel increases in depth, but it does not contribute to the dispersion increase. On the contrary, the possible interactions of Ni aggregates lead to their growth, contributing to the overall decrease of dispersion values. Finally, when the temperature is sufficient to reduce the layers of Ni 2+ species bonded to the support, the total change of dispersion continues to decrease due to the higher contribution of Ni 0 aggregates growth. It is worth noting that the mechanism of Ni aggregates growth is not questionable, especially when the low values of dispersion for the highest analyzed reduction temperature (460 °C) is taken into account.
The dispersion results of the magnesiumunmodified nickel basic carbonate samples with and without the perlite support, also confirms the existence of interaction between nickel basic carbonate and support surface. The sample of nonsupported nickel basic carbonate without magnesium has nickel dispersion less than 0.1%, while the precursor without magnesium on a perlite support (0Mg-Ni/PF) obtained at the same reduction conditions (T = 300 °C) has Ni dispersion of 7.7%. This is a consequence of Ni 2+ species interaction with perlite surface in the precursor. Interestingly, in the sample without perlite support, the contribution solely of Mg on the increase of nickel dispersion is also significant. The sample of non-supported basic nickel carbonate with magnesium (nMg/nNi = 0.1) reduced at T = 300 °C, has nickel dispersion of 5.0%. The surprisingly high dispersion degree of this sample can be interpreted as altering the structure and/or dividing nickel basic carbonate structure, thus hindering Ni 0 particle aggregation. More importantly, the introduction of Mg into the system (0Mg-Ni/PF vs. Mg-0.25Ni/PF) leads to a further increase of dispersion degree by 34% (7.7% vs. 10 .3%), as a result of Mg 2+ influence on the nickel species, already observed through the change of the TPR profiles.
The influence of magnesium on nickel dispersion is also a function of reduction temperature. For low reduction temperatures (270 and 300 °C) and mole ratio Mg to Ni ≤ 0.1, as Mg concentration increases, the dispersion of nickel in precursors also increases. On the other hand, for each of the precursors with these mole ratios, there is a declining trend of dispersion with the increase of reduction temperature. Evidently, the concentration of Mg in these precursors is insufficient to prevent the aggregation of Ni particles, as the reduction temperature exceeds 300 °C. For those with higher Mg to Ni mole ratios (0.2 and 0.4), the dispersion values for low-temperature reduction are lower than those on higher temperatures. Obviously, the hindering effect of Mg on nickel species reducibility is more expressed in precursors with higher Mg to Ni ratios. Shifting maximum dispersion values of Ni to higher reduction temperatures, besides the hindering effect of Mg on lower reduction temperatures, also reveals the protective function of Mg towards Ni aggregation at higher reduction temperatures. This observation can also be seen in the TPR profiles, as these precursors, shown in Figure 5b , do have a high temperature shoulder and a shifted maximum compared to other Mg modified precursors.
The hydrogen chemisorption study showed that the dispersion of nickel obtained in the studied reduced precursor systems depends on the nickel content in precursors, the loading of the metal modifier and support, but also on the temperature on which these catalyst precursors were reduced. The influence of porosity and dispersion degree, as well as their overall correlation, on catalytic activity in the process of hydrogenation of vegetable oils is still an active topic [47] . The question of obtaining an active catalyst remains open until the analyses of catalytic tests are performed.
Catalytic tests
Catalyst with the lowest nickel content modified with magnesium (Mg-0.25Ni/PF) was chosen to investigate the influence of precursor reduction temperature on its activity. The reduction temperature range of the precursor was determined based on its results from chemisorption measurements of reduced precursors that also included the temperature of 390 °C. Catalytic tests were performed by constant nickel to vegetable oil mass ratio of 0.03%. The refractive index and hydrogen consumption as a function of hydrogenation time are shown in Figure 6 . Partial hydrogenation ending time for all tests was chosen for the values of the refractive index closer to 1.45500, which corresponds to the overall hydrogen consumption of 60 L (reducing the iodine value by approx. 80).
By increasing the reduction temperature, the activity of catalysts increases, reaching its maximum in the region 330-360 °C after which activity drastically starts decreasing. It is clear that these differences in activity cannot be interpreted in differences between dispersion degrees shown in Table 3 . In addition, it would seem that the applied synthesis method is so robust that, although there are considerable differences between dispersion degrees, it produces catalysts with approximately the same activity for the temperature reduction region of 330-360 °C ( Figure 6 ).
By the means of avoiding limiting temperature values in this region, the precursor reduction temperature was chosen to be 345 °C, which was then used as a reduction temperature in analysis of all catalysts with different nickel and magnesium content on hydrogenation activity. As to our knowledge, there is no report of the precursor reduction temperature below 400 °C, on SiO 2 support, for obtaining active catalysts used in vegetable oil hydrogenation process [10,48--54] .
Although the comparison of catalytic activity, as a new type of support is introduced, can be hard to compare with literature results due to different reaction conditions, using the fall of iodine value can give some insight. The examples can be seen in the following works on different supports [10, 50, 55] . The most similar comparison can be seen in the work [56] on diatomite support, although the work was done on soybean oil. Beside the direct comparison with other data under the same conditions, it is obvious in Figure  6 that the catalyst is very active. Catalysts exhibit higher activity because of the availability of Ni on perlite support. Such intimate contact may favor a very close contact with the hydrogen gas; therefore, more hydrogen could be adsorbed on the catalysts, which in turn enhanced its hydrogenation activity.
For the series of catalytic tests shown in Figure  6 , the sequence can be established for the catalyst in a specified time of the hydrogenation process. Order and activity ratio of different catalysts differ before and after 30 min for a partial hydrogenation process (most obviously seen for reduction temperatures of 300 and 390 °C). In batch and semi-batch reactors, for the same reaction parameters, catalyst activity depends on the number of active sites, their accessibility and triacylglycerol composition during the catalytic hydrogenation of vegetable oils. Except in the case of catalyst deactivation, the number of active sites remains unchanged in reaction time. Accessibility of active sites can be, and triacylglycerol composition always is, a value that changes as hydrogenation process progresses. Therefore, different orders of established catalyst activities as a function of time indicate a various reaction pathway of catalysts prepared at different temperatures.
The influence of different nickel content in the catalysts on their activity is presented in Figure 7a . Because of the high activity of catalyst Mg-0.25Ni/PF used in preliminary tests, in order to obtain a wider distribution of results, nickel to vegetable oil mass ratio had to be reduced to 0.015%.
Hydrogen consumption shows that by increasing the nickel content, catalyst activity decreases. This can be expected according to the chemisorption measurements for catalysts up to Mg-0.75Ni/PF, which shows a slight decrease in the dispersion degree. As for catalysts with a higher nickel content (Mg-1.00Ni/PF and Mg-1.75Ni/PF), catalyst activity continues to decrease, although the dispersion degree is slightly higher than the previous one, and among the same values.
A possible explanation involves the existence of diffusion limitations for triacylglycerol molecules during the hydrogenation process in the system of partially reduced nickel basic carbonate. A typical triglyceride molecule has a diameter of approximately 5.8 nm [57] that can hamper access to Ni sites formed during the reduction process. On the other hand, with H 2 molecules, which have significantly smaller dimensions, these limitations are nonexistent during the chemisorption measurement, resulting in the differences of dispersion values and catalytic activity. It is worth noting that even the catalyst with the highest Ni content (Mg-1.75Ni/PF) is not inactive, which means that there are active Ni sites available to triacylglycerols.
The magnesium influence on catalytic activity for a constant mole ratio of nickel to SiO 2 is shown in Figure 7b . For comparison, a catalytic test performed using a catalyst without magnesium (0Mg-Ni/PF) with a same mole ratio of Ni:SiO 2 as in the test series is also shown.
By adding even the smallest amount of Mg during the synthesis, the catalytic activity significantly increases. With further increase of Mg content in the catalyst, activity increases, attaining the highest value for the mole ratio Mg:Ni = 0.1. Above this value, despite the increase in the measured values of the dispersion of nickel, catalyst activity significantly decreases.
Change in order of catalyst activity as a function of observation time, noted in the analysis of the reduction temperature influence ( Figure 6 ) can also be recognized for the catalyst 0.025Mg-Ni/PF compared to the catalysts 0Mg-Ni/PF and 0.2Mg-Ni/PF ( Figure  7b ). This change in catalytic activity order could suggest a different reaction pathway for observed catalysts. The results of fatty acid composition of partially hydrogenated oil for the same activity of two pairs of catalysts (0.025Mg-Ni/PF vs. 0.2Mg-Ni/PF in 140 min and 0.025Mg-Ni/PF vs. 0Mg-Ni-PF in 180 min) confirm a distinctly higher C18:1 selectivity compared to the other two (Table in Figure 7b ). The overall increase in C18:1 fatty acid composition for partial hydrogenation, catalyst 0.025Mg-Ni/PF is 64% higher than both 0.2Mg-Ni/PF and 0Mg-Ni/PF.
CONCLUSION
Using the precipitation-deposition method on perlite as support, an active nickel-based catalyst modified with magnesium for hydrogenation of vegetable oil can be made.
Material differences, considering the change in morphology, texture and structure, due to the overall nickel and magnesium content, and after all the reducibility of supported precursors and dispersion of Ni in reduced precursors was established.
The morphological study confirmed successfully deposited nickel-magnesium species on the broken perlite honeycomb-like structure, nickel basic carbonate species dominantly and species that interact with the support, confirmed with FTIR and DR UV-Vis analysis, but also with TPR measurements.
With the increase in magnesium content, the influence is in favor of Mg modification up to a certain point on catalytic activity.
Using the reaction of hydrogenation of sunflower oil, it was established that the activity of catalysts strongly depends on the reduction temperature of precursors. For the selected reduction temperatures of 345 °C, the most active catalyst was obtained for mole ratios nickel to silica of 0.25 and magnesium to nickel 0.1.
The results of high nickel dispersion obtained by hydrogen chemisorption measurements compared to catalytic activity do not necessarily show positive correlation, which is contributed by diffusion limitations of triacylglycerols in the hydrogenation reaction process.
